Introduction
VEGF-C was initially identified as a factor that stimulated tyrosine kinase receptor VEGFR-3, which was purified from PC-3 prostatic adenocarcinoma cells (1) , VEGF-C is considered to be both a specific marker of lymphatic endothelial cells and a specific factor that promotes lymphangiogenesis. Expression of VEGF-C has been correlated with lymph node metastasis in patients who have breast (2) , colorectal (3), gastric (4), thyroid (5), lung (6) and prostate (7) cancer.
Local recurrence is a major problem after the surgical treatment of rectal carcinoma because it occurs frequently and is invariably associated with a poor prognosis. Michelassi et al reported a positive relationship between the local recurrence of rectal carcinoma and tumor invasion of lymphatic channels (8) . Therefore, it has been suggested that VEGF-C expression may be a predictor of the local recurrence of rectal carcinoma, and may also be a useful prognostic indicator for this carcinoma.
On the other hand, it is difficult to identify lymphatic vessels and lymphatic involvement by examination of sections after conventional hematoxylin and eosin staining. Over the last few years, an increasing number of factors have been proposed as specific markers for the developing lymphatic endothelium. These factors associated with lymphangiogenesis include VEGF-C, VEGF-D, VEGFR-2, VEGFR-3, LYVE-1, Prox-1, podoplanin and 5'-nucleotidase. A new monoclonal antibody, D2-40 (IgG1), that targets an Mr 40,000 O-linked sialoglycoprotein was previously purified from ascites (9) . D2-40 selectively reacts with the endothelium of lymphatics. Kahn et al reported that D2-40 clearly demarcated tumor emboli in lymphatics when examining paraffin-embedded sections of primary tumors (10) . Therefore, this monoclonal antibody can be used to increase the accuracy of detecting lymphatic invasion.
The aim of this study was to investigate the clinical significance of VEGF-C expression as a predictor of the local recurrence and prognosis of rectal carcinoma.
Materials and methods
We studied 100 patients with rectal carcinoma who underwent anterior resection at the Department of Surgical Oncology (First Department of Surgery) of Osaka City University Graduate School of Medicine (Osaka, Japan). Table I shows their characteristics. The age of the patients ranged from 39 to 85 years (mean 63.5 years), and there were 64 men and 36 women. None of the patients received chemotherapy or radiation therapy before surgery. All of them underwent curative resection and were followed for at least 5 years after ONCOLOGY REPORTS 17: 1327 -1331 , 2007 Predictive value of vascular endothelial growth factor-C expression for local recurrence of rectal carcinoma surgery, with routine diagnostic imaging (computed tomography, ultrasonography or magnetic resonance imaging) two or three times per year. All patients were informed of the investigational nature of this study and provided written informed consent before registration.
Immunohistochemistry. Immunohistochemical studies were performed on formalin-fixed, paraffin-embedded sections using anti-VEGF-C and D2-40 antibodies. Sections were cut at a thickness of 4 μm, dried for 4 h at 58˚C, and then dewaxed in xylene and dehydrated through an ethanol series. Endogenous peroxidase was blocked by incubation with 0.3% H 2 O 2 in methanol for 30 min at room temperature. Then the sections were microwaved 3 times (at 500 W for 5 min each) in 10 mM sodium citrate (pH 6.0). After washing with phosphate-buffered saline (PBS), sections were incubated with 10% normal goat or rabbit serum for 30 min to reduce non-specific staining. Then a polyclonal rabbit anti-VEGF-C antibody (Zymed Laboratories, South San Francisco, CA) was applied to the sections at a dilution of 1:100 and incubation was conducted in a moist chamber overnight at 4˚C. The mouse monoclonal antibody D2-40, which had been already diluted by the manufacturer (Nichirei, Tokyo, Japan), was applied to the sections and incubation was conducted in a moist chamber overnight at 4˚C. After washing the specimens with PBS, the slides were incubated with biotinylated goat anti-rabbit antibody or biotinylated rabbit anti-mouse antibody for 30 min at room temperature. After three washes in PBS, Table I . Clinical characteristics of the patients and correlation between VEGF-C expression and various clinicopathlogic factors. 
a Except for with age and tumor diameter, data show the number of patients.
sections were incubated with the streptavidin-peroxidase reagent for 5 min at room temperature. Finally, the sections were incubated for 5 min in PBS containing diaminobenzidine and 1% hydrogen peroxide (Histofine SAB-PO kit, Nichirei), followed by counterstaining with Mayer's hematoxylin. As the negative control, incubation with the primary antibody was omitted.
Evaluation of VEGF-C immunoreactivity. Slides were examined by two investigators who were without knowledge of the corresponding clinicopathologic data. Any discrepant scores were re-evaluated jointly on a second occasion, and agreement was reached.
Microscopic lymphatic vessel density (MLVD) and identification of lymphatic invasion.
Sections stained by D2-40 were viewed at a x40 magnification to identify the regions of highest vascularity within the tumor. After three areas were identified, vessel counting was performed at a x100 magnification and the average count of three fields was calculated. Lymphatic invasion was identified with immunostaining by D2-40 (Fig. 1a) .
Statistical analysis. Statistical analysis was performed using JMP software version 5.1.2 (SAS Institute, Inc., Cary, NC, USA). The relationship between VEGF-C expression and the microscopic lymphatic vessel density was evaluated by Wilcoxon's test. For univariate and multivariate analysis of the correlation between local recurrence of rectal carcinoma and various clinicopathologic factors or VEGF-C expression, logistic regression was used. Survival curves were calculated by the Kaplan-Meier method and differences in survival were analyzed by the log-rank test.
Results
VEGF-C expression was mainly localized to the cytoplasm of the cancer cells (Fig. 1b) . Among the 100 tumors examined, 36 (36.0%) showed VEGF-C expression. Table I shows the correlations between VEGF-C expression and various clinicopathologic factors. Among them, VEGF-C protein expression in the primary tumor only had a statistically significant relationship with lymphatic involvement (P<0.001).
Based on the relation between MLVD and VEGF-C expression, the median MLVD of VEGF-C positive tumors was 16.9, which was significantly higher than that for VEGF-C negative tumors (P<0.001) (Fig. 2) .
Assessment of the prognosis showed that the overall survival was significantly worse in patients with VEGF-C positive tumors (Fig. 3) .
Among 26 patients who had local recurrence, 17 died of progressive disease. Table II shows the correlations between local recurrence and various clinicopathologic factors, including MLVD and VEGF-C expression. On univariate analysis, local recurrence had a significant relationship with venous involvement, lymph node metastasis, lymphatic involvement and VEGF-C expression. However, multivariate analysis indicated that only VEGF-C protein expression and venous involvement were independent risk factors for the local recurrence of rectal carcinoma.
Discussion
Local recurrence is a major problem in patients undergoing the surgical treatment of rectal carcinoma because it is frequent and always associated with a poor prognosis (11, 12) . Therefore, prediction of local recurrence could be extremely important for the management of rectal carcinoma and better local control could improve the quality of life after surgery.
In this study, expression of VEGF-C protein was not only shown to be a prognostic indicator, but was also useful for predicting the local recurrence of rectal carcinoma. Furthermore, this report is the first to indicate a clinical utility of VEGF-C expression of rectal carcinoma.
Some earlier studies have suggested a significant relationship between local recurrence and lymphatic invasion or lymph node metastasis in patients with rectal carcinoma. Michelassi et al (8) studied 853 colorectal cancer patients and reported that the local recurrence rate significantly correlated with microscopic lymphatic or capillary invasion. In the present study, we also found that local recurrence was significantly more frequent in patients with lymphatic invasion.
VEGF-C is a ligand for VEGFR-3 and is thought to be a specific inducer of lymphangiogenesis (1). A study using transgenic mice has shown that the VEGF-C/VEGFR-3 signaling pathway is essential for the growth of lymphatic vessels (13). Kawakami et al (14) reported that VEGF-C m-RNA and protein were highly expressed in patients with colorectal cancer who had lymph node metastasis and lymphatic invasion. Our findings also indicated that VEGF-C expression was significantly correlated with lymphatic invasion.
The monoclonal antibody D2-40 reacts selectively with an O-linked sialoglycoprotein that is specific for lymphatic vessels. Kahn et al (10, 15) studied 50 breast cancer patients and reported that D2-40 was superior for detecting lymphatic invasion in comparison with hematoxylin and eosin staining, being more specific and more accurate. Therefore, we used D2-40 for lymphatic identification in the present study. As a result, we found that VEGF-C-positive tumors had a high MLVD. Jia et al (16) previously reported a positive correlation between lymphatic density and VEGF-C expression in 57 patients with colorectal cancer. Rubbia-Brandt et al (17) also found similar results in 39 patients with pancreatic endocrine tumors. Thus, it has been suggested that VEGF-C induces lymphangiogenesis at the tumor border allowing cancer cells to easily invade the proliferating lymphatic vessels.
With regard to the influence of VEGF-C on prognosis, several previous reports have indicated that VEGF-C expression is an independent and significant prognostic factor for patients with colorectal carcinoma (18, 19) , and the same result was obtained in our study. We also found that VEGF-C expression strongly correlated with local recurrence, and multivariate analysis indicated that VEGF-C expression was an independent predictor of local recurrence.
Various regimens of adjuvant chemotherapy have been administered to patients with advanced colorectal carcinoma in an attempt to prevent recurrence after resection. It is possible that analysis of VEGF-C expression in resected tumor specimens may provide additional guidance in identifying the patients who most need adjuvant therapy.
Recently, it was reported that preoperative chemoradiotherapy (CRT) and total mesorectal excision (TME) (20) (21) (22) (23) (24) could significantly reduce the local recurrence rate and increase overall survival. Patients who need neoadjuvant therapy and operative methods such as TME should be selected using indicators of the risk of recurrence. Maeda et al (25) reported that VEGF-C staining of endoscopic biopsy specimens was useful for preoperative selection of treatment in patients with T1 colorectal carcinoma. Therefore, investigation of VEGF-C expression in preoperative biopsy specimens may be useful to select high-risk patients for local recurrence who need preoperative CRT and TME.
In conclusion, this retrospective study demonstrated that VEGF-C expression is an important predictor of the local recurrence of rectal carcinoma. If these findings are confirmed by a larger study, it might be possible to identify patients with Table II . Correlation between local recurrence and various clinicopathologic factors, including microscopic lymphatic vessel density and VEGF-C expression. ----------------------------------------------------------------------------------------------------- a high risk of local recurrence and use this information to plan their therapy.
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